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© 2016 The Authors. Published by Elsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
147 Viktor Kovalov et al. /  Procedia Technology  22 ( 2016 )  146 – 152 
+RZHYHUWKHHIILFLHQF\RIWKHVHPRGHOVGRHVQRWDOZD\VJLYHDVDWLVIDFWRU\UHVXOWVLQFHWKH\LQVXIILFLHQWO\WDNH
LQWR DFFRXQW WKH LPSDFW RI WKH FRPSOH[PXOWLD[LV HODVWLF V\VWHP RIPDFKLQH IRU VWDWLF DQG G\QDPLF VWLIIQHVV RI









WKHSURFHVVLQJGHWDLO LQ UHDOWLPH ,Q WKLV UHJDUG UHVHDUFKDQGGHVFULSWLRQRI WKH LQIOXHQFHRI WKHPXOWLD[LVHODVWLF
PDFKLQH V\VWHPRQ WKH VWLIIQHVVRI WKH WHFKQRORJLFDO V\VWHPDQGTXDOLW\RI WUHDWPHQW WREHXVHG LQPDWKHPDWLFDO






EDVHG RQ WKH SUHGLFWLRQ DFFXUDF\ RI SURFHVVLQJZLWK WKH H[WHUQDO SHUWXUEDWLRQV LQ WKH WHFKQRORJLFDO V\VWHP >@
0DFKLQLQJHUURU LVDULVLQJIURPGLVSODFHPHQWRI WKHHOHPHQWVRIPDFKLQHXQGHU WKHDFWLRQRIH[WHUQDO IRUFHV WRD
JUHDWHUH[WHQWE\WKHULJLGLW\RIWKHV\VWHPDORQJWKHYHFWRURIDSSOLHGIRUFH/HWXVH[DPLQHPRUHFKDUDFWHUHUURUVLQ
WKHSURFHVVLQJRIPDFKLQH WRROV:HGLVWLQJXLVK WKH WZRJURXSVRIHUURUV HUURUVRI VL]HDQGVKDSHRI WKH VXUIDFH
HUURU6L]HHUURUPXVWEHXQGHUVWRRGDV WKHDULWKPHWLFPHDQGHYLDWLRQRI WKHSRVLWLRQVRI WKHVXUIDFHSRLQWV LQ WKH






















VWDWHPHQW LV DOVR FRQILUPHG E\ WKH DQDO\VLV RI WKH RSHUDWLQJ H[SHULHQFH RI KHDY\ PDFKLQHU\ HTXLSPHQW LQ D
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FDVWDQGFRPSRXQGEHGIUDPHVZHUHFRPSDUHG7KHSUREOHPVDIIHFWWKHDFFXUDF\RIWKHWLJKWHQHGMRLQWFRPSRXQG
IUDPHV>@)RUFRQYHQLHQFH WKHDQDO\WLFDO UHVHDUFK VWLIIQHVVRI WKH MRLQWRIEHQGLQJPRPHQWDQG WKH VKHDULQJ
IRUFHLVUHSUHVHQWHGDVHTXLYDOHQWVWLIIQHVVDQGGDPSLQJ




IODQJHV EHG IUDPH IRU EDVLQJ DQG IL[LQJ WKHZRUN SLHFH7KH VHFRQG WZR IODQJHV EHG IUDPH LV XVHG WRPRYH WKH
FDOLSHU(DFKRIDIUDPHFRQVLVWVRIWZRVHFWLRQVLQWHUFRQQHFWHGE\EROWV7KHOHQJWKRIHDFKVHFWLRQLVP2QWKH
EDVLV RI WKH FDOFXODWLRQ RI OLPLW YDOXHV RI GLVWULEXWHG ORDGV ZKLFK DFW RQ WKH EDVH IUDPH VXSSRUW PRGHOLQJ RI
GHIRUPDWLRQ VWUHQJWK E\PHWKRG RI ILQLWH HOHPHQWV ZLWK SDFNDJH RI WRROV &RVPRV:RUNV ZHUHPDGH >@$
PHWKRGIRUOLQNLQJWKHWUDLOVRIKHDY\ODWKHVZLWKDV\VWHPRIIRUFHVGLVWULEXWHGRYHUWKHD[HVRIORDGVWKDWDFWRQWKH
PDFKLQH GXULQJ LWV RSHUDWLRQ+HDY\PRGHOLQJ ODWKH EHGZLWK FDSDFLW\ RI  WRQV LV SURGXFHG WR GHWHUPLQH WKH
VWLIIQHVV RI WKH VXSSRUW V\VWHP XQGHU WKH DFWLRQ RI VWUHVVHV DULVLQJ LQ WKH SURFHVVLQJ RI SDUWV 7R VXPPDUL]H WKH



















$VZH FDQ VHH IURP WKH DERYH ILJXUHVPD[LPXP UHVXOWDQW GLVSODFHPHQW IURP DFWLRQ RI WKH DSSOLHG IRUFHV DUH

















WKH ODERUDWRU\ 3$7 .=76 )LJ  :H KDYH UHDFKHG D VDWLVIDFWRU\ DJUHHPHQW RI WKHRUHWLFDO DQG H[SHULPHQWDO












$QDO\VLV RI WKH KHDY\ PDFKLQH LQGLFDWHV WKH QXPEHU RI WDVNV WKDW QHHG WR EH DGGUHVVHG LQ WKHLU GHVLJQ DQG
RSHUDWLRQ7KH\DUHLQFUHDVHWKHKDUGQHVVRIEHDULQJV\VWHPVRIPDFKLQHWRROVPLQLPL]LQJWKHHODVWLFGHIRUPDWLRQ
RI WKH WUDLOV WKURXJK WKH RSWLPDO SODFHPHQW RI VXSSRUW VWDII ZLWK WKH KHOS RI ZKLFK IUDPH DUH LQVWDOOHG RQ WKH
IRXQGDWLRQDVZHOODVUREXVWDQGUHOLDEOHFRQWURORIWKHDFFXUDF\LQWKHZRUNLQJVSDFHRIWKHPDFKLQHIRUHFDVWLQJRI









FDOFXODWLRQ EDVHG RQ WKH FRQWDFW GHIRUPDWLRQ LQWHUQDO IRUFHV GLVSODFHPHQWV DV WKH ERXQGDU\ FRQGLWLRQV IRU WKH
GHVLJQ RI WKH LQGLYLGXDO ORDGEHDULQJ VWUXFWXUHV DOORZLQJ XV WR REWDLQ WKH GHVLJQ JHRPHWU\ RI WKH FURVV VHFWLRQ
KDYLQJWKHORZHVWSRVVLEOHZHLJKWZKLOHPHHWLQJVSHFLILHGVWDQGDUGVRISHUIRUPDQFHDQGSUHFLVLRQPDFKLQLQJZDV
GHYHORSHG
'HYHORSHG D WKUHHGLPHQVLRQDO PRGHO RI D VXSSRUW RI KHDY\ PDFKLQH WHVW UHVXOWV DW KLJK ORDGV OHDG WR WKH
FRQFOXVLRQDERXWLWRSHUDELOLW\7KHGHVLJQRIWKHIUDPHKHDY\ODWKHRIKLJKDFFXUDF\ORDGFDSDFLW\RIWRQVZLWK
WKH SRVVLELOLW\ RI PDFKLQLQJ XS WR P DQG P LQ GLDPHWHU ZLWK PD[LPXP FXWWLQJ SRZHUV RI  N1 DUH
GHYHORSHG 5HFRPPHQGDWLRQV RQ GHVLJQLQJ RI EHDULQJ V\VWHPV RI &1& KHDY\ PDFKLQH WRROV KLJK DFFXUDF\ DUH
JLYHQ'HIRUPDWLRQVRIWKHIUDPHRIVXSSRUWVXQGHUH[WUHPHZRUNORDGVDUHSUHVHQWHGLQDUDQJHIURPPLFURQVWR
PLFURQV7KHUHVXOWVDUHLQWURGXFHGDW3$2.=76UDQJHZLWKWKHUHOHDVHRIKHDY\&1&ODWKHVRIQHZJHQHUDWLRQ
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